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Abstrat. Modularization and granulation are key onepts in eduational on-
tent management, whereas teahing, learning and understanding require a disourse
within themati ontexts. Even though hyperlinks and semantially typed referenes
provide the ontext building bloks of hypermedia systems, elaborate onepts to
derive, manage and propagate suh relations between ontent objets are not around
at present. Based on Semanti Web standards, this paper makes several ontribu-
tions to ontent enrihment. Work starts from harvesting multimedia annotations
in lass-room reordings, and proeeds to deriving a dense eduational semanti net
between eLearning Objets deorated with extended LOM relations. Speial fous is
drawn on the proessing of reorded speeh and on an Ontologial Evaluation Layer
that autonomously derives meaningful inter-objet relations. Further on, a semanti
representation of hyperlinks is developed and elaborated to the onept of semanti
link ontexts, an approah to manage a oherent rhetori of linking.
These solutions have been implemented in the Hypermedia Learning Objets System
(hylOs), our eLearning ontent management system. hylOs is built upon the more
general Media Information Repository (MIR) and the MIR adaptive ontext linking
environment (MIRaCLE), its linking extension. MIR is an open system supporting
the standards XML and JNDI. hylOs benets from ongurable information stru-
tures, sophistiated aess logi and high-level authoring tools like the WYSIWYG
XML editor and its Instrutional Designer.
Keywords: Eduational Content Management, Semanti Web, Link Context,
Eduational Semanti Net, eLearning Objets, Metadata, Keyword Spotting,
Mahine Reasoning
1 Introdution
The Semanti Web was reated as an initiative to bring mahine proessable
struture to the bulk of Web information, whih initially had been designed
for human reeption only. A vision was presented of robots and rawlers that
digest online material on a level of understanding suient to reate high-
level mediators (Berners-Lee et al. 2001). Positioned as a new kind of human-
mahine interfaes, intelligent agents were proposed to at between ontent
and reipients. First and foremost they should provide superior navigational
knowledge to failitate instant information retrieval.
Navigational intelligene, in ontrast, has been a subjet of thorough in-
vestigations in the ommunity of open hypermedia systems. The fous of long-
term researh has been on modeling and designing unomplex systems of suf-
ient openness and oneptual freedom to serve the needs of rih appliation
appearane. Numerous Web frameworks have been reated with that aim and
in partiular the XML languages for online doument proessing. The eld of
hypermedia has been freshly inspired by manifold open and distane learning
ativities. Numerous domain-spei appliations have been reated, as well
as standardized meta desription frameworks. In the ontext of systemati
knowledge aquisition and learning, hyper-referential funtions and ontent
lassiation diretly interrelate with approahes to instrutional design.
Combining the elds of semanti and hypermedia opens the perspetive
on human-entri hyper-systems that are grounded on high-level intelligene
generated by a network-transparent, mahine-proessable semanti informa-
tion layer. The realm emerges for appliations whih exeed the sope of a
searh mahine, but oer a riher vision of a semantially assisted human-
mahine interation. Navigational intelligene should take a entral design
role in this growing area, as it not only forms the ore omponent of intera-
tivity in any hypermedia appliation, but also arries the major ontribution
of ontext between portions of online ontent. A user following a ow of re-
eption from piees of online ontent is bound to the paths oered by links.
He should experiene hyperreferenes that are meaningful to the ontent itself
and to his perspetive of pereption. Here, links are onsidered essential parts
of the ontent and should follow a rhetori as haraterized in the early work
of Landow (1989). In dynamially operating ontent management it is there-
fore important to autonomously identify and the themati ontext, as well as
the perspetive of the user.
Sine several years, a growing number of appliation-spei ommunities
is onerned about metadata desriptions of their information bases, ating in
parallel to the semanti web initiative. Their motivations do not only derive
from subjet-spei ategorization and retrieval, but also from the hallenge
of automated ontent proessing and ontext-entri presentation. In this work
and the examples given below, we onentrate on the agile area of eduational
ontent management and related metadata desriptors. A orresponding stan-
dard for the annotation of eduational material has been released with the
IEEE Learning Objet Metadata (LOM 2002).
In the eld of eduational ontent management, the onept of atomi,
self-onsistent ontent units was derived from the paradigm of objet-oriented
modeling and beame known as eLearning Objets (eLOs) f., Wiley (2000).
It has been widely aepted as a standard entity in ombination with LOM
metadata. eLOs may ombine rih media ontent, a signiant set of meta-
data and strutural relations. eLO ontent itself may be omposed of other
eLearning objets, thereby onstruting a self-similar knowledge tree suitable
for navigation in this fashion. The LOM metadata subsume tehnial, textual
and eduational information, whih are omplemented by a set of named rela-
tions. Originally, the latter had been dened for tehnial and administrative
purposes, but shall prove to be valuable for onstruting a mesh of inter-
objet guidane to the learner. LOM has been hosen as part of the high-level
exhange format SCORM, the SCO (2006).
In this work, we disuss semanti approahes to interativity in eduational
hypermedia systems, dediating speial fous to building ontext from inter-
objet relations. Conepts and implementations are based on our eLearning
ontent management system hylOs, whih adheres to a strit separation of
ontent struture, logi, data and design by applying XML-tehnologies in a
rigorous fashion. Our approah starts from metadata extration of multimedia
ontent, overs a semanti model of annotated links that are grouped in link
ontexts, and arrives at an automated reasoning proess for generating dense
semanti nets between loosely oupled eLearning objets. We will disuss a
general semanti representation of hyperlinks and the adaptive linking envi-
ronment MIRaCLE, a model and implementation of a semanti link proessor
along the lines of this artile. We also formalize the semanti of an extended
set of eLO relations within an ontology and supply an additional set of in-
ferene rules. Starting from some initial relations, any new objet entering a
repository an then automatially harvest named links to any other objet
from the onurrent proessing of an inferene engine. Initial relations an au-
tomatially be derived from previous automati lassiation and annotation,
manual provision of hyperlinks or from a limited manual relation setting.
The remainder of his paper is organized as follows. In setion 2 we briey
introdue the Hypermedia Learning Objet System hylOs, our eLearning on-
tent management platform used for all implementations.We further on present
our design and implementation of an automated eLO ontent aquisition and
speeh analysis in setion 3. Setion 4 derives the onept of a semanti hyper-
link model, as well as the MIRaCLE sheme for proessing ontextual informa-
tion of hyperlinks. Setion 5 proposes semanti speiations and extensions
to the LOM relations and disusses an ontology-based inferene proessing.
Finally, setion 6 is dediated to a onlusion and an outlook on future work.
2 The Hypermedia Learning Objet System hylOs
The Hypermedia Learning Objet System (Engelhardt et al. 2002, Shmidt &
Engelhardt 2005, hyl 2009) has been designed to provide full eduational on-
tent management based on the eLO information model. All knowledge units
are omposed of rih media ontent elements deorated with a omplete set
of IEEE LOM metadata and interonneted by qualied relational pointers.
They reside within the Media Information Repository (Feustel & Shmidt
2001, Feustel et al. 2001). Grounded on a powerful media objet model, MIR
was reated as a universal fundament for ease in modelling and implementation
of omplex multimedia appliations. All data embedded within the adaptable
MIR data store are published in XML format, suh that individual views and
spei user interfaes an be produed from lightweight style sheets. The
rigorous use of the XML tehnology framework ensures a onsistent separa-
tion of ontent, strutural information, appliation logi and design elements.
hylOs' adaptive eLearning funtions are thereof derived and may attain any
look & feel by applying appropriate XSL transforms. The system is used in
several eLearning and ontent management deployment projets within our
institutions and ommerial training environments.
hylOs oers variable ontent aess views to the learner. Figure 1 visualizes
the dierent ontent network layers that an serve as a dynami foundation
for user navigation: Aside from the primary ontent tree elaborated by the
author(s), instrutional design hierarhies may be ompiled from repository
objets for eah teahing trail. Based on its qualied relations, the ontent
additionally is organised in a semanti net, suitable for individual exploration
in a onstrutivist fashion as will be desribed in detail in setion 5. Traditional
hyperreferenes, whih provide a separate layer of ontent traversal, may be
ustomized within hylOs, as well.
hylOs treats links as rst lass ontent objets in a highly dynami fash-
ion. To onsistently exeute ontent linking, the MIR Adaptive Context Link-
ing Environment MIRaCLE (Engelhardt & Shmidt 2003) proesses links as
semanti statements, its more general onepts will be disussed in setion
4. Distinguished hyperlink layers may be applied onto the same ontent, as
may have been predened by the teaher or seleted by the learner. Links
are represented within ontextual ontainers, eah one suitable to express a
narrative of a spei hyperlinking sheme. These link ontexts may be un-
derstood as a omposition of link rhetori, as suggested in the early work of
Landow (1989). Note that textually oherent hyperlink olletions provide an
additional, meaningful struture to be harvested in future appliations.
A fully distributed authoring environment is part of the hylOs suite, as
well. Authors are enabled to edit eLOs in full detail, i.e., rih media ontent
(inluding mathematial formulae), the LOM metadata tree and all types of
relations. Great are has been taken to simplify ontent elaboration wherever
Fig. 1. eLearning Objets in Semanti and Instrutional Nets Oer Variable Content Aess
possible. An 'easy authoring sheet' within the SWING appliation provides
WYSIWYG XML editing ombined with extensive automated harvesting of
metadata. Manual provision for only seven LOM attributes are needed, i.e.,
keywords, semanti density, diulty, ontext, learning resoure type, stru-
ture and doument status, if presets taken from previous editing do not apply.
While reating subsequent eLO ontent, authors impliitly generate an objet
tree. Reuse of ontent and strutures is supported at any level of omplexity.
A variety of spei editors for glossaries, (L
A
T
E
Xompliant) bibliographies
and taxonomies omplement this rstlevel authoring suite.
Assisted by an additional authoring sheet, the Instrutional Designer (iDesigner),
any instrutor will be enabled to ompose overlay trees individually designed
for a spei teahing trail. The proess of forming a didatially strutured
outline from single learning omponents is ommonly known as instrutional
design. This task of arranging the eLOs in dierent ourses or units remains
outside the sope of the eLO paradigm. Our approah to instrutional design
introdues the idea of an instrutional ontainer objet (ICO). ICOs are in-
herited from eLOs retaining the omplete LOM metadata set and the nesting
faility. They implement either a strutural ontainer for nesting other ICOs or
a visual ontainer to embed eLOs. In addition they oer appropriate instru-
tional types and an optional prolog or epilog. Instrutional types are ourses,
setions or pages, for example. In this way, the hylOs iDesigner bridges the
gap between re-usability and atomiity of eLearning objets on the one hand,
and individually and oherently designed ourses on the other. It very exibly
imposes instrutional overlays onto any, possibly loose olletion of eLearning
objets.
Several, often ommerial systems for authors are around to edit and gen-
erate SCORM pakages. Few of them address issues of editing omplex on-
tent strutures and exhaustive, semi-automated metadata support. A arefully
prepared hypermedia editing environment, the hypermedia omposer HyCo,
has been introdued by Garía & Garía (2005). HyCo aims to seamlessly
guide authors, while provisioning strutural and semanti information for ed-
uational ontent objets. In taking suh ontent-oriented, non-tehnial per-
spetive, the system is losest to our hylOs approah.
3 From Content Aquisition to Automated
Classiation
3.1 eLO Aquisition
A manual preparation of eLearning objets remains a tedious undertaking,
no matter how well it is supported by appropriate tools. In addition, most
presentation material urrently in use is brought to leture rooms by notebooks
or oine media, not ompliant to the LOM/IMS pakaging standard. The goal
of our automati ontent aquisition subsystem is therefore to produe eLOs
'out of the leture room'. Complying to a predened quality standard, these
objets may then be used for rapid play out or manual renement. We start
from observing that audiovisual streams are available for apturing within
modern, A/Vequipped leture halls and onentrate on visual presentation
material in ombination with spoken audio. We abstain from taking video
reordings of the leturer in our standard senarios, as shooting and play
bak of video require high eorts, while adding limited value to the learning.
Fig. 2. Proess Flow of the Content Aquisition Subsystem
The signals, i.e., images and audio streams, are ontinuously aptured and
analysed. For onning suitable setions, the perpetual media stream is seg-
mented following triggers, whih are red at a hange of slide or presentation
material. Appropriate uts are derived from the audio by a silene analysis:
Within a neighbouring interval of ±10 s of the trigger moment, a large pause,
≥ 0, 5 s, of the speaker is identied and used for the ut. Pauses are deteted
aording to dynamially evaluated watermarks. Still in realtime, the ob-
tained audio segment will undergo a resaling of volume and pause lengths to
approah a sound even in volume and rhythm of speeh. Finally the data will
be eiently ompressed using the Ogg Speex ode SPC (2008).
After segmentation the appropriately enoded media will be pakaged and
 annotated with tehnial metadata  stored as raw eLOs within hylOs as
shown in gure 2. Satisfying the full LOM data struture, the eLearning ob-
jets obtained so far are suitable for rough online onsumption, manual re-
nement or further automated proessing.
3.2 Automated Classiation
The raw eLOs do not ontain any semantially valuable metadata nor do they
admit qualied relations to the remaining repository. Subsequent post proess-
ing targets at deriving suitable multimedia annotations (Stamou et al. 2006).
First and foremost, a keyword assignment will be needed as well as a lassi-
ation aording to a predened taxonomy to the newly aquired objets. To
ahieve this goal, all available soures of information are used, whih onsist
of a predened ontext, a predened lassiation system in partiular, text
written on slides and the spoken words from the audio. However, for pratial
reasons we annot presuppose a training phase on any speeh reognition sys-
tem and have to refrain from the use of omplete speeh to text transriptions.
Thus little textual material is available and pure statistial tehniques annot
be used.
Instead, we employ a ontrolled voabulary for keyword spotting. A se-
letion of several thousand prelassied tehnial terms is searhed within
the text and audio les. Speeh reognition is done using the Philips Speeh
SDK
1
. This SDK oers the option to dynamially ativate userspei vo-
abularies dened in the Java Speeh Grammar Format (JSG 1998). JSGF
allows for the generation of tokens as a ombination of synonyms, whih we
use for olleting exion forms. Flexions of German words have been harvested
from a Web Servie of the projet "Deutsher Wortshatz" at Leipzig
2
.
After keywords have been extrated, we further proeed in a ditionary
based approah to derive the lassiation indies of the eLearning Objet by
using a simplied version of the statistial shemes derived by van Rijsbergen
(1979) and Maly et al. (2001). Operating only on keyword sets, regardless of
doument lengths, lassiation is done aording to a keyword hit rate for
eah taxonomi node. We employ Jaard's oeient in our heuristi ap-
proah and vary signiane levels around 0.5. Note that this proedure is not
based on a rigorous statistial approah, but follows an experimentally driven
optimization. Current lassiation is done with respet to DDC (2005) and
ACM (1998), the approah generalises, though, without restritions. By ana-
lyzing text and speeh ontent the reorded eLearning objets has thus been
enrihed by a title, the author, keywords and lassiation ategories. Addi-
tional eduational attributes suh as ontext or age range may be harvested
from presets within the session or from proles assoiated with the author.
1
Philips Speeh SDK: http://www.speehreognition.philips.om/
2
Projet "Deutsher Wortshatz" at Universität Leipzig: http://wortshatz.uni-
leipzig.de/Webservies/
In the following setion 5 we will take up these results to derive semanti
relations between eLOs from the annotations and lassiations so far ob-
tained.
3.3 Evaluation
We emphasize in advane that the proedure introdued above must be on-
sidered as a semiheuristi approah to generate semanti metadata for raw
ontent. There is no guarantee for ompleteness or orretness, whih needs to
be assured by manual postediting, whenever desired. Nevertheless, we on-
sider it a notieable advanement to seamlessly retrieve multimedia ontent
objets deorated with expressive, but semi-reliable metadata, rather than to
insist on authors provisioning, whih is rarely ompleted and may be mis-
taken, as well (see Prie & Shanks (2004), Najjar et al. (2004) for a detailed
disussion).
In detail, the approah of keyword spotting has proven to work reasonably
well with the untrained speeh reognition systems, provided the employed
number of terms remains small. For optimisation, we partition our ditionary
into sets of up to 50 keywords, seleted aording to an iteratively narrowing
ontext along the lassiation hierarhy. Term sets then are subsequently
applied. This proedure assures not only a largely improved reliability in key-
word identiation, but allows for onsideration of preset ontext branhes
in taxonomi hierarhies and sales logarithmially. Fixing a preision of 75
%, an average Reall of about 80 % is obtained. Failures dominantly originate
from unreognised keywords, while false positives remain rare. On a urrent
generation of server system results indiate that alulation eorts stay within
real-time bounds.
3
The seletion and evaluation of keywords we onsider the ruial part. As
there seem to be no lassied terminologies for the German language publily
available, we extrated a olletion of nearly 2.000 tehnial terms from bilin-
gual EnglishGerman enylopaedias, whih we omplemented by additional
3
We use a standard PC with a multiore 3 GHz proessor. Note that keyword splitting allows
for parallel proessing of dierent term sets.
soures and domain-spei knowledge. Classiation of these keyterm ol-
letions has not only been tedious work, but a reliable soure of inexatness.
Consequently the quality and rihness of our lassied voabulary varies with
respet to the subelds visited in the ACM CCS. Major improvements may
be ahieved in future renements.
Classiation results do not arrive at a uniform level of exatness: A spot-
ted keyword "Ethernet" for example will easily lead to highly reliable branhes
of the ACM taxonomy, whereas solely identied terms like "System" or "De-
sign" will not. Presently the largest shortoming of our sheme must be seen in
its limited ability to arrive at statistially signiant lassiations, the latter
naturally being a funtion of the preset signiane level.
4 Metadata, Semanti and Hyper-Relations
4.1 Identifying the Semanti of Hyperlinks
Metadata and Anhors The ommon approah of the Semanti Web tar-
gets at provisioning resoure desriptors and ontologies to robots suh as
searh mahines. Consequently, faing the urrent status of information in the
Web, a major eort onentrates on the aquisition of semanti statements
desribing resoures and on building up ontologial databases. Prior and in
parallel to these ativities, the hypermedia researh ommunity has ompleted
more than 40 years of researh onerned with the organisation and interrela-
tion of ontent (van Ossenbruggen et al. 2002) omponents, fousing onepts
and development on an advaned design of networktransparent hyperlinks.
In the previous setions, we have disussed the nature and semi-automated
derivation of IEEE LOM metadata. Assuming those metadata in presene
now, a anonial semanti desription of ontent items an be easily derived:
In an RDF (2004) representation, the ontent objet attains the role of the
subjet, the name of the meta desriptor forms the prediate, and its value
denotes the objet. Figure 3 illustrates the dierent representations of the
statement This learning objet is a desription about hamster diseases. fol-
lowing an LOM/XML shema and RDF graph notation.
/h am s te r
/h am s te r#m e ta -in f /h am s te r-tex t
/h am s te r#g ene ra l
/h am s te r#ke yw ord s
rd f:B a g
A bou t ha m s te r d isea ses
H am ste r d isease s
A n im a l hea lth H am ste r
lom :m e ta -in f m ir:co n ten t
lom :ge nera l
lom :tit le
lom :de sc rip tio n lom :keyw ord
rd f:type
rd f:_ 1 rd f:_ 2
<?xml version="1.0"?>
<mir:lob xmlns:mir="http://www.rz.fhtw-berlin.de/MIR"
         xmlns:lom="http://www.imsproject.org/xsd/imsmod_rootv1p2p1">
 <lom:lom>
  <lom:general>
   <lom:identifier>/hamster</lom:identifier>
   <lom:title>
    <lom:langstring xml:lang="en">Hamster diseases</lom:langstring>
   <lom:title>
   <lom:description>
    <lom:langstring xml:lang="en">About hamster diseases</lom:langstring>
   </lom:description>
   <lom:keyword>
    <lom:langstring xml:lang="en">animal health</lom:langstring>
   </lom:keyword>
   <lom:keyword>
    <lom:langstring xml:lang="en">hamster</lom:langstring>
   </lom:keyword>
      :
  </lom:general>
      :
 </lom:lom>
 <paragraph>
  [...]
   Hamsters having hay fever are often
  [...]
 </paragrap>
</mir:lob>
RDF Representation
XML Representation
Classification
Annotation
Relation
Rights
Educational
Meta-Metadata
Life Cycle
General
Title: Hamster diseases
Description: About hamster diseases
Keywords: animal health, hamsterLOB
Meta-Inf
Content
<paragraph>
 [...]
 Hamsters having
 hay fever 
 are often
 [...]
</paragraph>
Fig. 3. Representation of Metadata in XML and RDF Statements
To approah a semanti analysis of hyperlinks, let us reall that a hyper-
referene is onstruted of two entities, anhors and links. Links onnet an-
hors whih identify sub-portions of ontent. In a fairly general fashion, an-
hors an be formulated within XLink (XLi 2001) statements by XPointer/XPath-
like expressions (XPa 2007, XPo 2003), the exat formalism depending on the
media type of the doument. Links, as well as anhors may be stored separated
from doument resoures, e.g., in a link base.
Even though it may appear straightforward to inherit a semanti desrip-
tion of an anhor from the expository statements of the assoiated ontent
objet, simple information inheritane remains insuient. This limitation
beomes evident for a doument that arries several anhors at fragments of
Classification
Annotation
Relation
Rights
Educational
Meta-Metadata
Life Cycle
General
Title: Hamster diseases
Description: About hamster diseases
Keywords: animal health, hamsterLOB
Meta-Inf
Content
<paragraph>
 [...]
 Hamsters having
 hay fever 
 are often
 [...]
</paragraph>
Hamsters having
hay fever
Title:
XPointer
<?xml version="1.0"?>
<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
         xmlns:xlink="http://www.w3.org/TR/xlink#"
         xmlns:lom="http://ltsc.ieee.org/2002/09/lom-general#">
 <rdf:Description rdf:about="/hamster#xpointer(string-range(//paragraph[1],'hay fever'))">
  <lom:title>Hamster diseases</lom:title>
  <lom:description>About hamster diseases</lom:description>
  <xlink:title>Hamsters having hay fever</xlink:title>
 </rdf:Description>
</rdf:RDF>
RDF Representation
Fig. 4. Harvesting Additional Anhor Desriptors from Metadata
distint meaning. It is therefore important to provide additional speiations
whih an be harvested from the title and label tags of XLink loator expres-
sions.
4
Note that the denoted data hunks in anhors need not be of textual
type. Anhors in this sense must be viewed as additional speialisations, e.g.,
This resoure in the ontext of hamster diseases arries the title `Hamsters
Having Hay Fever '. The extration of a semanti desription of anhored re-
soures given as a olletion of inherited and dediated statements is visualised
in gure 4.
Link Semanti Links denote relations between two or more anhors. They
are diretional omponents, i.e., uni- or bi-diretional and bear the immediate
expressiveness of (ontextless) relations: Resoure A is pointered to B. Fol-
lowing the XLink ar enoding, a link expression itself may arry diretionless
attributes suh as multiple titles, as well as diretional desriptors like the ar
attributes 'from', 'to' and 'arrole'. A ontextual semanti of hyperlinks will
aount for these meta desriptors and math attributes, e.g., using arroles
whenever ar and diretion apply. Thereby, link attributes give rise to a ol-
4
Annotations may also appear in `Resoure' statements embedded within the ontent. Here a
oneptual deit of the Xlink speiation beomes apparent: While using a link base with
loators, attributes denoting anhored resoures annot be assigned outside atual link deni-
tions.
letion of simple statements: This link arries the title `For Freshman ', This
link starts from the resoure `Hamsters Having Hay Fever ', et..
In semanti terms, statements represent resoures that are linked, and a
link enodes a relation between them. The link itself arries additional mean-
ing in attributes. Thus an XLink expression gives rise to a more omplex,
reifying or seond order statement. Via its arrole attribute, a link expresses a
prediate desribing the resoures it refers to. An example of suh a link meta
desriptor is visualized in the upper part of gure 5, whih haraterizes the
linking relation as a BakgroundInfo referene.
Transforming this notion into a simple statement, e.g., Resoure `Hay
Fever Handbook' presents BakgroundInfo to resoure `Hamsters Having Hay
Fever ' will ause a loss of ontext, sine the link resoure itself will not be part
of the statement representation. To ure this deit, a higher order statement,
a statement about statements needs to be employed. Following this line of
thought, the link entity forms the subjet of a statement about the statement
that desribes the relation. As visualised in gure 5, suh expression reads,
Link1 denotes that resoure `Hay Fever Handbook' presents BakgroundInfo
to resoure `Hamsters Having Hay Fever '
Expressing the ore semantis of hyperlinks as higher order statements
opens the opportunity to address the link entity itself as a rst lass objet.
It preserve the relation to ontext information suh as link titles, authors,
additional attributes et.. Viewing the approah in a rigorous semanti fashion,
this is indeed orret, as a link may form a resoure external to ontent, and
denote a relation not valid by itself. Rather a link serves as an expression of
the perspetive and potentially personal view of its (link) author, who may
be distinguished from ontent authors.
4.2 An Appliation Senario
Interativity plays a dominant role in eduational learning systems. Well-
organised ontent an be signiantly enrihed or disturbed by the way links
add interativity to it. As disussed in the introdution, we do not onsider
the denition of links as part of the ontent itself, but rather as part of the
Arc
Title: For freshmen
Role: BackgroundInfo
Title:
Hamsters having
hay fever
Hay fever
handbook
Title:
/hamster /hf-intro
from   to
<?xml version="1.0"?>
<miracle:link xmlns:xlink="http://www.w3.org/TR/xlink#"
              xmlns:miracle="http://wwww.rz.fhtw-berlin.de/MIR/miracle"
              xlink:type="extended">
 <miracle:locator xlink:type="locator"
                  xlink:href="/hamster#xpointer(string-range(//paragraph[1],'hay fever'))"
                  xlink:label="hamster"
                  xlink:title="Hamsters having hay fever"/>
 <miracle:locator xlink:type="locator"
                  xlink:href="/hf-intro"
                  xlink:label="hayfever"
                  xlink:title="Hay fever handbook"/>
 <miracle:arc xlink:type="arc"
              xlink:from="hamster"
              xlink:to="hayfever"
              xlink:arcrole="/MIR#BackgroundInfo">
  <miracle:label xlink:type="title">For freshmen</miracle:label>
 </miracle:arc>
</miracle:xlink>
/link1
/hf-intro mir:BackgroundInfo /hamster#xpointer(...) #Link rdf:statementFor freshmen
rdfs:Class
Hay fever handbook hayfever Hamsters having hay fever hamster
xlink:title rdf:subject rdf:predicate rdf:object
rdf:type
xlink:label
rdfs:subClass rdf:type
xlink:labelxlink:title xlink:title
Fig. 5. From XLink to an RDF Hyperlink Desription
didati struturing and presentation model. In partiular, we foster ways to
stir the proess of link seletion and presentation when applied to the ontent.
To illustrate this argument in a simple use ase, let us return to our pre-
vious example: A short introdutory overview on hamster diseases written in
the Gaeli language is presented to a Sottish veterinarian, who has signi-
ant weakness in Gaeli. The utmost help for his understanding will probably
ome with links that referene every word to the orresponding entry in a di-
tionary. An Irish hamster farmer with some semi-expert knowledge about his
animals instead, would prot most from having the medial terms linked to
some olloquial bakground explanation. An Irish student of vet learning for
his exam ould rather appreiate all disease names being appropriately on-
neted to some olleted enylopaedi knowledge of sample exam questions.
And so on.
Reeting on this example, we an extrat the following requirements for
an appropriate linking environment:
 There should be the apability of applying dierent linking shemes to the
same ontent; thus the denition of links annot be part of the ontent
itself.
 Linking should adapt to the users requirements.
 A user should be enabled to shape the linking within an appliation a-
ording to his requirements.
 A ommon narrative meaning of the links should be in plae and trans-
parent to the user.
 High-level mehanisms for dening and seleting links are needed in order
to keep work of the author simple.
 The meaning of link entities should be open for inspetion by external
ontent proessors.
Some of the above requirements an be resolved with the help of Xlink/X-
path/Xpointer, but major issues remain unsolved. Introduing a semanti no-
tion of hyperlinks raises information to a level, where authors and automated
link proessors within appliations may be enabled to plae or perform instru-
tions eetive and onsistent in form and ontent. In the following setion we
will report on our onepts in this regard.
4.3 Semanti Link Context
The onept of open Hypermedia, i.e., the deoration of ontent with anhors
and links olleted from a distinguished link base, gives rise to remarkable ex-
ibility in attahing hyperreferenes to hypermedia douments. It is thereby not
only possible to apply dierent linking shemes to the same ontent, but also
to dynamially present link seletions adaptively hosen to meet user needs. In
applying dynami linking, though, an appliation should follow demands on
onsisteny and oherene, a rhetori pattern for example as haraterized in
the early, fundamental work of Landow (1989) for stati link reation. Having
derived a semanti notion of anhors and hyperlinks in setion 4.1, we are now
able to dene a high-level sheme for olleting and proessing links from a
link-base.
In hypermedia proessing the ontext is an important onept. In a doument-
entri view, there are already dierent ontexts to reognise: The ontext, a
doument appears or is to be presented in, the ontext of doument fragments,
given by its surrounding doument data, and the (fragmental) soure and des-
tination ontext of a hyperreferene. Here we are onerned with the semanti
ontext of a link itself. Link ontexts are apable of artiulating ertain orthog-
onal information suh as objet-related notions of an author, or a perspetive
of link reation and traversal, whih expresses an inter-resoure dependene
imposed by the oer to jump between ontent objets. Both paradigms are
preserved by the semanti link enoding introdued in the previous setion.
To exploit these additional enodings, a high-level semanti seletion layer
is needed to perform operations on link seletions and olletions based on the
link ontext. Providing suh mehanisms will enable authors and audiene to
steer hyperlink appearane by semanti riteria and thus allows for more pre-
ise and purposeful interation within a hypermedia appliation. There are
many potential operations like extrating links aording to their semanti
role, attributes or their relationship with underlying anhors. Most impor-
tantly, links an be adapted to users within personalised hypermedia applia-
tions.
The onept of a link ontext layer introdues a new abstration on link
olletions. Within this layer, semanti rules for proessing links an be pre-
dened that dynamially operate on an abstrat data model provided by the
link layer. Link ontexts neither reate new links, nor new anhors. They are
only responsible for the extration of existing links stored in a link base. Those
links are haraterized by their desriptive properties as shown in the previ-
ous setion. They subsume a seletion sheme to represent a desired semanti
ontext.
Link ontexts are the upper tier in a four layered model named MIRaCLE,
f. gure 6, onsisting of a data, an anhor, a linking and the link ontext layer.
The MIR adaptive ontext linking environment (MIRaCLE) (Engelhardt &
Shmidt 2003) is both, a formal model and a pratial implementation based
on the MIR system. It results in a semanti ltering to obtain the appropriate
Fig. 6. The MIRaCLE Link Layer Model
subset of links as requested by a user or an appliation. All entities, anhors,
links and the ativated link ontexts are proessed on the y while ontent is
aessed via a standard Web browser.
As all semantially relevant notions from the link or anhoring layer are
expressible in a formal RDF model, the link ontext itself is operating on the
model of the link layer representation and enables users to selet groups of
semantially related links. Retrieving links means extrating sub-graphs from
the model. The extration of sub-graphs is done by an appropriate query
language, like SPARQL (SPA 2008).
The result of suh a query are statements, whih have the hosen links as
subjet and at least one prediate-objet pair formed by the involved anhors
and their relationship. Identifying the subjet of the return statements as a
link yields all information required for further proessing. Based thereon, an
appliation an extrat the partiipating anhors, verify them for being a start
resoure regarding the urrent doument and visualize them as desired.
Listing 1.1. An Example of a Link Context Denition
<?xml version=" 1 .0 "?>
<rdf:RDF xmlns : rd f=" h t tp : //www.w3 . org /1999/02/22− rdf−syntax−ns#"
xmlns:mir=" h t tp : //www. rz . fhtw−b e r l i n . de/MIR"
xmlns:d=" h t tp : // pur l . org /d/ e lements /1 .1/ ">
<rd f :D e s  r i p t i o n rd f : abou t=" l ink−ontext1 ">
<d :Crea to r>Rainer Zufall</ d :Crea to r>
<d :T i t l e xmL:lang="en">Bakground Information</ d :T i t l e>
<d :De s  r i p t i on xml:lang="en">
Some ontinuative information on .
</ d :De s  r i p t i on>
<mi r : l i nk−ontext>
<! [ CDATA [
PREFIX rd f : <h t tp : //www.w3 . org /1999/02/22− rdf−syntax−ns#>
PREFIX mir:<ht tp : //www. rz . fhtw−b e r l i n . de/MIR/mir#>
SELECT ? sub j e  t
WHERE {? sub j e  t r d f : p r e d i  a t e mir:BakgroundInfo }
℄ ℄>
</mi r : l i nk−ontext>
</ rd f :D e s  r i p t i o n>
Returning to our previous example of a vet student reading the text about
hamster diseases, let us imagine a ontext meant to provide some bakground
information on the urrent topi Hamsters having hay fever. One possible
link ontext denition is given by listing 1.1.
The query will return all mathing nodes in the graph whih are the sub-
jets of the assoiated RDF statements. The subjets will ontain the name of
the appropriate link and a statement about the onneted anhors. In terms
of our example it will return the link whih expresses: Link1 denotes that re-
soure `Hay Fever Handbook' presents BakgroundInfo to resoure `Hamsters
Having Hay Fever '. This higher order statement ontains a simple statement
embedding the target anhor as the subjet, the prediate being the rela-
tion and the soure anhor the objet. There is all neessary information for
rendering the link into the doument.
While the generality of this model may ause worry about authoring om-
plexity, it an atually be transformed into simple, end-user ompliant opera-
tions: One parameterizable SPARQL ode, whih forms the bakend for link
ontext denitions, is provided in advane, link ontexts an be dened by
setting terms. An author is then just obliged to plae link meta values and
selet a ontext. A orresponding authoring interfae from the hylOs system
is shown in gure 7.
Fig. 7. Authoring Environment for Editing Links in Contexts
4.4 Related Work
Ativities of joint researh in a 'semanti hypermedia' have been identied,
see van Ossenbruggen et al. (2002) for an exellent overview. Our work takles
the open problems of a semantially driven hyperlink servie stated therein
and addresses the fundamental question of dealing with possible inonsis-
tenies of knowledge, when fragments of distributed knowledge resoures are
hyperlinked: By enoding hyperlinks as reied statements, hyper-relations are
viewed within their individual ontext. These ontexts will be enoded by the
author of a link following his or her perspetive. Thus inonsistenies will arise
only if ontraditory link statements of ompatible ontext are given, whih
then an be traed bak to their origins.
Initially not starting from a semanti perspetive, the importane of on-
text for link proessing has been emphasized by El-Beltagy et al. (2002). The
work of the Southampton group traditionally ranks around virtual links and
anhors, whih are subjet to a run-time omputation at the reeption time.
The basi idea presented lies in a dynamial derivation of multi-destined links
for (Web) resoures, as extrated from a link base. This work has been ex-
tended to an ontology-based approah for link generation in order to esape
from the limitations of a purely lexial string mathing, f. Carr et al. (2001),
Millard et al. (2003). From the hypermedia perspetive, these onepts are
losest to our approah. In ontrast to our work presented here, the group
attempts to determine a link ontext by analyzing the anhor ontext and to
prevent misleading links by ambiguous phrases. Their runtime environment is
built on a multi agent arhiteture performing distributed tasks synhronised
via a message passing model. This realisation ompletely diverges from our
data-entri approah.
The gap between the syntax oriented XLink and the semantially oriented
RDF is bridged in the W3C note Harvesting RDF Statements from XLinks
(2000). This work fouses on the extration of semanti statements from XLink
metadata. Sine both, XLink and RDF, are apable of desribing relations
between resoures, it is quite natural to 'harvest' semanti expressions from
hyperlink enodings. Aording to the note, the arrole attribute as the most
signiant metadata for haraterizing the relation of partiipated resoures
is expanded to an RDF statement with the start resoure as the subjet, the
end resoure as the objet and the value of the arrole attribute denoting the
prediate. Following our previous line of argument, this approah does not
formulate statements about links, but sole statements on anhors. Problems
and shortomings of this doument entred view has been disussed above.
Several reent projets attempt to vitalize the visions of the Semanti Web
on grounds of resoure tagging provided by Web users. The Simile projet with
the MIT Piggy Bank Web appliation by Huynh et al. (2007) is one of the
prominent examples. The main objetive of these struturally and semanti-
ally open Web initiatives lies in a broad user involvement. Initiators aim to
aumulate meaningful Web annotations, whih an be shared and shall en-
able a semantially assisted smart browsing. Tagging within the Simile projet
follows a property:value pair mapping and gives rise to statements of the kind
Resoure A is in a relation to B, haraterized by <property:value>. It an-
not be onluded, wether the harateristi map denotes the link annotation
itself, i.e., This tag is for testing., or the link traversal, i.e., See this for
bakground info., whih is the major shortoming of this fully unrestrited
approah.
5 An Ontology Based Approah to Construting
Eduational Semanti Nets
5.1 Advaning LOM Relations
eLearning objets ompliant to the LOM metadata standard provide a setion
of qualied objet relations that allows to interonnet any two objets in a
meaningful fashion. Assuming a well maintained mesh of eLOs in plae, a
semanti learning net may be presented to the learner for navigation and
knowledge exploration, as well as to the author or instrutional designer.
However, the expressiveness of LOM relations is limited to the adminis-
trative view of librarians, as types and semantis of these relations have been
diretly adopted from the Dublin Core library metadata set (see table 1). To
gain expressions suitable for eduational hypermedia, the syntax of DC re-
lations requires a areful extension, while its semanti needs adaptation and
sharpening.
Is part of Is version of Is format of Is referened by Is based on Is required by
Has part Has version Has format Referenes Is basis for Requires
Table 1. Original Dublin Core/LOM Relations
To design a fairly omprehensive, viable notion on a semanti eduational
net, we proeed in three phases: At rst, we selet those relations from the
DC set whih remain suitable under minor modiations and speiations
in the eduational hypermedia ontext. The results are shown in table 2. The
major, unobvious hange onsists in turning 'isFormatOf' into a symmetri
property. The orresponding DC inverse property pair expresses bibliophili
editorial hierarhies, whih remain absent in hypermedia systems.
At seond, we redene the semanti of those DC properties that originally
had been bound to pure tehnial terms. Even though similar re-interpretations
have been ommonly undertaken in LOM based eduational ontexts, an ex-
pliitly stated semanti is laking, but needed for further operations. Table 3
displays the orresponding entities and their semanti denitions. These three
DC property pairs now essentially express themati dependenies of inreas-
ing strengths. 'referenes' and 'isBasedOn' both express an optional value to
the learner, and thus annot pursue transitivity.
Relation Semanti
hasPart/isPartOf This inverse pair of transitive properties expresses the
strutural relation of nesting eLOs. There is no additional
meaning related to ontent.
hasVersion/isVersion This pair of inverse properties desribes versioning as
generated by updates or redesigns. Dierent versions may
deviate in ontent and author, preserving themati ded-
iation and tehnial format, though.
isFormatOf This symmetri property relates eLOs whih essentially
over the same ontent in dierent formats. It does not
imply interhangeability, but a persistene of eduational
ontext.
Table 2. Modied Semanti for Seleted DC Relations
Relation Semanti
referenes/ isReferenedBy This inverse property pair desribes a weak form of on-
tent relation: An author referenes another eLO for ex-
tended information  similar to a ommon use of hyper-
links.
isBasedOn/ isBasisFor This inverse property pair relates an eLO arrying on-
tent fundamental to another. It expresses a semantially
strong, but optional themati relation.
requires/ isRequiredBy This inverse pair of transitive properties denotes a
mandatory ontent dependene in the sense that eLO A
annot be understood without knowledge of eLO B.
Table 3. Redened Semanti for Seleted DC Relations
Finally we design a small set of additional relation properties whih are
missing in the LOM standard. Most importantly, the taxonomi interdepen-
Relation Semanti
isNarrowerThan/
isBroaderThan
This inverse pair of transitive properties enodes the
standard taxonomi relation.
isAlternativeTo This symmetri transitive property onnets interhange-
able eLOs. Alternative eLOs are meant to be of equiva-
lent ontent, pedagogial and strutural properties, but
may deviate in formats.
illustrates/ IsIllustratedBy This inverse property pair expresses illustration in an
open fashion. For illustration an eLO need not be of spe-
i ontent type.
isLessSpeiThan/
isMoreSpeiThan
This inverse pair of transitive properties relates two ob-
jets, whih are of strong themati familiarity, but dif-
fer in generality. A more spei objet may over sub-
aspets or the idential subjet in more detail or exhibit
a themati overlap while being more spei.
Table 4. Additional Eduational Relations
dene 'isBroaderThan' has been raised to the eLO net. Guided by the maxim
of restraint, only three horizontal relations have been introdued to improve
orientation in ontent aess. Any additional terms expressing a meta dis-
ourse on ontent, as introdued by Steinaker et al. (1999), were omitted for
the sake of simpliity and larity. Types and semanti of these newly intro-
dued relations are summarized in table 4.
Note that all relations our symmetri or in inverse pairs. Besides sys-
temati onsiderations, this harateristi overs an important tehnial ad-
vantage. Any author may add any relation simply to his own objets, without
requiring write aess to the orresponding pair.
A visual example of a semanti net derived from extended LOM relations
is shown in gure 8. All subjets displayed from the Programming Language
ontext are onneted via qualied relations that allow for a oherent, seman-
tially guided ontent aess. A learner, faing a well maintained eduational
semanti net tied by the relations desribed above, will greatly prot in orien-
tation, ontent navigation and exploration. It is moreover easy to implement,
as has been done within the hylOs appliation. Any author exploring the ur-
rent state of an eLO repository will likewise benet from a dense themati
overview of his region of interest.
5.2 Ontologial Evaluation Layer
Adding a new eLearning objet will require to identify and update appropriate
relations with a possibly large amount of repository entries. Objets entering
the repository by automated aquisition as desribed in setion 3, will be
predisposed as unonneted entities. A manual maintenane of large ontent
networks soon beomes infeasible in any realisti setting.
Classied objets, though, oer suient information for a ontinued au-
tomated proessing. They may immediately inherit the relations 'isBroad-
erThan' from the taxonomy and 'isPartOf' from their strutural disposition.
Additional attributes may be onjetured from heuristi onsiderations, e.g.,
two eLOs of (almost) idential lassiation and keyword sets, as well as om-
parable eduational attributes are likely to be 'AlternativeTo' eah other. In-
serting the objets "HTML" or "Markup_Languages" for example an initiate
a fully automated generation of named interonnets.
To overome the obstale of further manual netting, an Ontologial Evalua-
tion Layer (OEL) (Engelhardt et al. 2006) has been designed and implemented
in hylOs. The ore onept onsists of enoding relation semantis within an
OWL (2004) ontology, whih then an be proessed by an inferene engine.
At this rst step, relation pairs along with formalized harateristis an be
distributed aross a repository. To aount for logial dependenies between
related properties, additional inferene rules need to be supplied to the infer-
ene engine. As outome of a areful overlook, we identied about 50 of suh
rules, giving rise to a dense inferene set. Some typial examples of inherent
onlusions read:
 A is narrower than B ∧ B is format of C =⇒ A is narrower than C
 A is based on B ∧ C has part B =⇒ A is based on C
 A requires B ∧B is based on C =⇒ A is based on C
 A is more spei than B ∧ B is format of C =⇒ A is more spei than
C
 (A is version of B ∨A has version B) ∧ A is format of C ∧ B is format of
C
=⇒ A is alternative to B
Our implementation uses the JENA framework (JEN 2008) to exeute
the reasoning, ombining the extended relation ontology and the additional
inferene rule. A daemon triggered by objet insertion or update within the
repository onurrently adds appropriate relations to the new or hanged ob-
jet. By following a strategy of onurrent evaluations that immediately be-
ome persistent in the repository, our hylOs implementation aounts for the
rather slow reasoning proess of the JENA framework, whih is unsuitable for
realtime interativity.
Any newly inserted objet or relation will thereby lead to a hain of subse-
quent link plaements within the hylOs system. Authoring thus is enrihed by
a foreful augmentation intelligene. Learners will prot from automated rea-
soning and envision a onsistent and supposedly dense eduational semanti
net. One of manifold appliation opportunities built on top of this semanti
net is displayed in gure 8. An eLOentri mind map type of view is dynam-
ially generated from all relations of the urrently displayed ontent, oering
hyperlink navigation aording to the semanti net perspetive. Another in-
terative view of the relational mesh is shown in gure 9. This Web 2.0 AJAX
layer is used as a visual overlay for navigation in one of our front-ends deployed
for urrent learners.
Suh ontent navigation shemes may equally be oered to learners, in-
strutors and authors. While an author may intuitively explore ontent related
to his personal editing, an instrutor may be guided to spei ontent areas,
e.g., for supplementary instrutional use. Finally, a learner will experiene a
'looking glass' onto his study eld, giving rise to a self-direted onstrutivist-
kind of knowledge aess. Suh a view bares a transparent perspetive not only
on personal study needs, but also on oneptual interdependenies of subjet
areas.
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Fig. 8. Appliation Example: Mindmap Navigation
5.3 Evaluations
For a thorough evaluation of the proedures and the axiomati rule set intro-
dued above, we proeed in two ways. At rst, we analyse eieny of the
proposed rigorous and heuristi shemes, i.e., a quantiation of the gain in
relations obtained by automated reasoning. At seond, we design and apply a
semanti monitor to identify inonsistenies and inorret relations that have
been generated by our automati reasoning proess. This rosshek analy-
sis yields an a posteriori, experimental validation of the inferene rules and
proedures used in semanti reasoning.
For the quantitative analysis, we selet sample olletions of eLOs from
realworld teahing and proeed in the following way. We initially apply rig-
orous reasoning on the objet set, whih is strutured and lassied, but bare
of any preset relation, and obtain result set A. In the seond step, we add on-
Fig. 9. Appliation Example: Navigational Net
servative heuristi onlusions, from whih few relations of the types 'isAlter-
nativeTo', 'isVersionOf' and 'isMoreSpeiThan' derive and subsequently ap-
ply full reasoning to reeive result set B. At this stage, we assume a typial
ontribution of an author who sparsely added themati dependenies, whih
will be proessed by the reasoner into result set C. Finally, we manually add
major relations that we identied as missing and reeive result set D after a
last proessing run.
Results for a sample set of 18 eLOs onsisting of the two themati islands
"OO Programming" and "XML Tehnologies", exhibiting "DOM" and "SAX"
as points of ontat, are displayed in gure 10. In transition from set A to B 9
relations have been added by heuristis. 12 were produed by a virtual author
in hanging to C and 7 misses have been ontributed to initiate result set D.
Overall it ould be observed that a dense mesh of 300 relations has been
reated in this proedure, where 66 have been derived from á priori and heuris-
ti onlusions. 206 semanti links were desended from 28 manual addings.
Even though many of them stem from a diret transfer of lassiation or
were onluded by a few straightforward steps, they may arry value by link-
ing formerly unrelated resoures. Aside from quantity, it should be noted that
the inferred relations are not at all limited to the obvious; aording to the
underlying eetive rule set, quite surprising results our. The two initially
unrelated eLOs "Markup Languages" and "Java Sample 2" inherit for exam-
ple the relation "isRequiredBy" through the following hain: "Markup Lan-
guages"
hasPart
7−→ "XML", "DOM"
requires
7−→ "XML" and nally "Java Sample 2"
hasPart
7−→ "DOM".
This quantitative experiment demonstrates the eetiveness of the rule-
based reasoning proess, whih proved to produe a densely interwoven mesh
of ontent relations. All ontent objets have been interonneted with 17 link
an average. These semanti relations provide themati ontext and oherene
to a loose olletion of eLearning ontent objets. Note that relations need not
be utilised in a raw manner, but may be projeted to a redued quantity or
omplexity, whenever users or devies require. A orresponding example for
mobile devies is presented by Hildebrand et al. (2007), where relations have
been adapted to the navigation interfaes of the iPOD and a Portable Sony
Playstation.
We will now proeed with rossheking the reasoning system. A proof
of orretness for the proposed rules requires a multistage analysis and is
only ahievable up to the semanti preision inherent in eLearning ontent
and metadata denitions. Most importantly, evidene is required that our ax-
iomati rule set is ontraditionfree. A ontradition ours, if two objets
are related by mutually ontraditing relations. Suh ontraditions obviously
derive from inverse relation pairs, but also from mutually exlusive seman-
tis of unpaired relations suh as 'isFormatOf' and 'isVersion'
5
. It is worth
noting that suh semanti exlusions annot be modeled in OWL diretly. To
still monitor inonsistenies, whih also ould result from manual editing, we
enode inorretnessrelations in a separate ontology, e.g.,
 A is part of B ∧B is part of A =⇒ A inorretPart B
 A is format of B ∧ B has version A =⇒ A inorretFormatVersion B
5
'isFormatOf' denotes a hange of format, while requiring persistent ontent, whereas 'isVersion'
relates objets of developing ontent, but exludes hanges in format.
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Fig. 10. Yield of Inferred Relations for Dierent Initial Conditions
and apply the reasoner likewise. Disovering ontraditory relations in this way
then requires a manual root ause analysis based on traking the orresponding
inferene hains.
The semanti soundness of the rule set we analysed in two ways. The-
oretially we arefully evaluated eah single rule with respet to all formal
semanti aspets of the related eLOs. Empirially we rossheked many ol-
letions of "realworld" eLearning Objets, deorated with all relations we
ould aept as true. Subsequent automati reasoning was applied to eah
olletion and any additional result was taken up for an individual exami-
nation. In an early stage of our work, this experimental monitoring proved
helpful to identify inonsistent inferene rules. After a onservative onsoli-
dation, our inferene system has reahed a stable balane in the sense that
inorret semanti links are only produed from inorret objet lassiations
or failures in manual editing. Thereby, it is our steady experiene that erro-
neous inferenes are quikly disoverable, sine the outome of rule-reasoning
rapidly spreads among entities and soon leads to obvious inorretness. Fur-
ther on a ontinuous monitoring of inonsisteny an be onurrently applied
and will then establish a rm, urrent judgement on the orretness of any
deployed ontent net.
5.4 Related Work
Polsani (2003) disusses the relevane of eLearning Objet relations to enable
a disourse on the information exposed. Several authors have addressed details
on the employment and enhanement of the IEEE LOM relations (Steinaker
et al. 1999, The Virtual Campus Team 2003, Karampiperis & Sampson 2004)
for eduational ontent. Their work ranges from a more tehnial oriented
ourse prodution perspetive up to a formal enoding of domain spei
knowledge within relations.
The use of semanti meta data for browsing purposes was introdued by
Faaborg & Lagoze (2003). Departing from a librarian perspetive of organising
information, the authors pursue a realisation of the early vision of 'assoia-
tive indexing' by Vannevar Bush Bush (1945). Not bound to the eduational
ontext, Zhuge et al. (2004) dene an abstrat model of semanti links for fa-
ilitating a Knowledge Grid. Their approah allows for user-dened tagging
and linking at the one hand, and a reasoner-based autonomous link building
proess on the other. To aomplish the latter, the authors derive a rule-set
appropriate for evolving their semanti relations in a proedure, whih is on-
eptually omparable to our work.
6 Conlusions and Outlook
In this paper we disussed key aspets of automated eLearning objet aqui-
sition and ontextual ontent augmentation. Starting from the LOM-based
Hypermedia Learning Objet System hylOs, we initially introdued our ap-
proahes of eLO generation, lassiation and meta data harvesting from le-
ture reordings.
Foussing on ontext within eduational appliations, a detailed derivation
of hyperlink semanti hase been worked out. By enoding referenes as seond
order statements, the dening entity of the link ould be preserved within a
one-statement representation. A high-level link ontext layer, whih allows for
learner-spei seletions of hyperreferenes, ould be gained as an immediate
benet for deorative linking shemes.
Widening the perspetive to inter-objet referenes, an evaluation of the
LOM semanti relations was presented, and these tehnial metadata have
been elaborated into an improved relation set. It was shown that by turning
the inherent relational logi into operational reasoning, a semanti learning net
will atively evolve and monitor its onsisteny. The resulting inter-objet re-
lations give rise to a rih variety of semantially guided ontent exploration for
learners, as well as for authors. A manual provision of suh omplex strutures
would be ompletely infeasible, as authors had to overlook entire repositories
to identify the semanti links.
This approah of generating a semanti ontent net an be extended to
interrepository overlays in a straightforward way. Our future work will on-
entrate on the design of semanti peertopeer networks formed between
distributed eLearning Objets, and on its integration in mobile and soial
network environments.
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